In this study, we investigate the properties of the starch solubilized on heating suspensions in 95 water. We examine the solubility and hydrodynamic radius (R h ) of HAMS solubilized through 96 the process of gelatinization to deduce the consequences of acylating high amylose maize 97 starch with acetate, propionate and butyrate and on their re-association properties. The impact 98 of short term storage on the soluble fractions was also examined, providing insight into the 99 relationship between solubilised starch fraction and retrogradation. This work has practical 100 implications in that it enhances our understanding of how modification of starch can alter 101 retrogradation processes, and consequently impact on the texture of food products. 
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For each measurement, a series of 16 diffusion-weighted one-dimensional spectra was 148 recorded in a two-dimensional manner using sine-shaped gradient pulses of 3.5 ms duration 149 (effective duration for diffusion encoding, δ = 4.456 ms, after taking into account the shape of 150 the gradient pulse used), a separation (∆) of 100.0 ms, and amplitude of the field G z ranging 151 from 2.8 to 53.2 G cm 
Translational diffusion coefficients measured by PFG NMR. 158
For molecular self-diffusion, the attenuation of an NMR signal in the presence of a bipolar pulse 159 pair gradient as used in the present study, is given by 160
Where γ is the gyromagnetic ratio and g, δ and ∆ are the amplitude, effective duration and 162 separation of the single pair of gradient pulses, respectively. τ (s) is the delay between the end 163 of the first lobe of gradient and the 180° radio frequency pulse in the bipolar 164 encoding/decoding segment. All spectra were processed using TOPSPIN (Version 3, Bruker 165 BioSpin). For diffusion weighted spectra, an exponential window function with 3 Hz line 166 broadening was applied before the Fourier transformation (FT) and baseline corrections were 167 performed after the FT. Translational D were obtained by fitting peak intensities to Eq.2 usingM A N U S C R I P T
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Internal standard for diffusion measurements. 171
As the ratio of solvent radius to that of solute is more than 0.01 in this work, microviscosity 172 differences are present (Boeré & Kidd, 1983) . In order to avoid the complications arising from 173 these phenomenon and variations in sample conditions, small molecules such as dioxane were 174 spectra. An example of the PFG NMR spectra for HAMSB is shown in Figure 1B leached from all starches, it is likely that the leached material from HAMS may adopt a more 245 compacted conformation than that leached from mHAMS due to the lack of fatty acid 246 modification. A lack of amylopectin interference also would result in a more compacted 247 conformation (Gudmundsson, 1994) . 248
249
The trend in apparent R h appears to be related to the physical organization granular dried 250 starch where greater structural distortion to the nano-structure was found when HAMS was 251 acetylated or propionated than when HAMS was butyrylated (Lopez-Rubio, Clarke, Ben, 252
Topping, & Gilbert, 2009). Using X-ray diffraction and SAXS, these changes were only observed 253 at high DS (0.32 to 0.4) and not at DS of 0.1 -0.23. In our work, the fact that we observed a 254 greater change in hydrodynamic radii when HAMS was butyrylated compared to when HAMS 255 was acetylated or propionated in soluble starch at DS of 0.2, suggests that differences are 256 obtained in hydrated structures at lower DS (0.2). It is possible that as differences are amplified 
